Objective: This cross-sectional study of acute ischemic stroke patients examined relationships between hypoglossal nerve conduction, sleep-disordered breathing (SDB), and its severity.
Acute Treatment) stroke subtype 6 were determined by a vascular neurologist after review of the hospitalization record and CT and MRI brain images.
The validated 7 ApneaLink device (ResMed, San Diego, CA) was used to monitor nocturnal nasal pressure and oxygen saturation, and validated software analyzed the data (see appendix e-1 on the Neurology ® Web site at Neurology.org). 7 Significant SDB was defined by an ApneaLink apnea-hypopnea index (AHI) $15, based on a median split, and supported by the high sensitivity and specificity with this cutoff. 7 Hypoglossal nerve conduction studies were performed with the use of standard, previously reported techniques 4, 8 by a registered EMG technologist masked to the ApneaLink results. Electrodes adhered to a tongue blade 2 cm apart 8 were placed on the dorsal surface of the right side of the tongue, with a ground on the cheek. Because no difference exists between left and right, 9 for standardization purposes, the right was selected. Electrical stimulation was performed along the base of the mandible with bipolar percutaneous stimulation set to 0.02-millisecond duration and 100 mA. 9 Electrical stimulation duration was increased gradually until a supramaximal compound muscle action potential waveform was attained.
Statistical methods. With the use of a 2-sample design and the assumption of an a of 0.05 and 80% power, approximately 17 patients in each group would be required to determine a difference of 0.7 second in hypoglossal distal latency. This assumes a mean of 2.1 9 with an SD of 0.7. We therefore planned to recruit at least 20 subjects with and 20 subjects without SDB.
A Wilcoxon rank sum test was used to compare the hypoglossal nerve distal latency (primary outcome) and amplitude, in those with and without SDB. Hypoglossal amplitude and latency, considered abnormal if they exceeded the 95% confidence interval (CI) of published normative data elicited using similar techniques, 8 were calculated along with binomial 95% CI using the exact method, and compared by SDB status using x 2 tests and by infarction location (brainstem vs not brainstem) using a Fisher exact test. The square of Spearman r rank correlation was calculated to assess the correlation between nerve conduction findings and AHI. Because the results were significant for latency, the association between AHI and hypoglossal nerve conduction latency was also explored with linear regression. Because model diagnostics suggested possible nonadherence to linear regression assumptions when latency was treated continuously, it was also modeled using quartiles (as dummy variables), and in quartiles treated linearly (1) (2) (3) (4) . Assessment was made for overly influential observations (using S1's "lm.influence") and one was identified. Regression analyses were repeated with this single observation removed. Spotfire S1 8.1 for Windows (TIBCO Software Inc., Palo Alto, CA) was used for all analyses.
RESULTS Seventy-two patients consented for participation. Of the 52 subjects who had both nerve conduction and ApneaLink studies completed, median age was 55 years (interquartile range: 47, 68), 28 (54%) were male, and median body mass index was 30 kg/m 2 (27, 34). Baseline findings (table 1) did not differ between subjects with and without SDB, with the exception that hypertension was more prevalent in the SDB group (23 [88%] vs 16 [62%], p 5 0.03). Infarctions were located exclusively in the brainstem (12%), cerebellum (6%), cortex (8%), subcortical region (19%), and the mixed cortical and subcortical (37%) regions; the remainder were multifocal (19%). The median AHI was 15 (5, 30) overall, and 5 (3, 10) in the no SDB group (n 5 26) and 31 (20, 42) in the SDB group (n 5 26).
No differences were identified in median hypoglossal latency or amplitude between the 2 groups (table 2) . Overall, 32 subjects (62% [95% CI: 47%, 75%]) had an abnormal hypoglossal amplitude or latency. Eighteen of the subjects (35% [95% CI: 22%, 49%]) had an abnormal hypoglossal nerve amplitude and 23 (44% [95% CI: 30%, 59%]) had an abnormal latency, with no difference in proportion abnormal by SDB status in amplitude (35% no SDB vs 35% SDB, p 5 1.00). Abnormal latency was found nonsignificantly more often in those with (54%) vs those without (35%, p 5 0.16) SDB. In those with and without brainstem infarction, the prevalence of abnormal amplitude (43% brainstem, 33% no brainstem; p 5 0.68) and latency (43% brainstem, 47% no brainstem; p 5 0.44) did not differ. The AHI was correlated with hypoglossal latency (r 2
24
, p 5 0.856). Linear regression showed that hypoglossal nerve conduction latency was positively associated with AHI in all 3 models (table 3) . With the single overly influential observation removed, findings were strengthened, again with positive associations found in all models (table 3) .
DISCUSSION These novel prospective data advance physiologic understanding of SDB in acute ischemic stroke patients. Although we did not confirm our hypothesis that hypoglossal nerve conduction latency is more prolonged in poststroke patients with SDB than in those without SDB, prolongation of hypoglossal nerve conduction latencies was associated with SDB severity. The association of conduction latency with the continuous variable (AHI) but not a dichotomized outcome (based on an AHI $15) suggests that the added statistical power provided by the continuous variable may have been necessary to identify the association. Hypoglossal nerve dysfunction was highly prevalent in stroke patients; subjects in this study had more than double the prevalence of abnormal hypoglossal amplitudes or latencies compared with non-SDB controls from a prior study 4 in which the same normative values were applied. 8 Although the reasons for hypoglossal nerve dysfunction in some stroke patients without significant SDB are unclear, given the known association between hypoglossal nerve dysfunction and SDB in the general sleep apnea population, 4 the high prevalence of hypoglossal mononeuropathy identified may still relate to the high prevalence of SDB in stroke patients. Perhaps traumatic injury to the hypoglossal nerve due to chronic vibration from prestroke snoring accounts for the high prevalence. Prestroke snoring and poststroke AHI are known to have little association, 10 and snoring was not objectively measured in the current study.
One previous study reported hypoglossal nerve conduction in only 8 ischemic stroke patients and found none with an abnormality. 11 Our findings may differ by chance because of the small sample size used in the previous study, although differences in study populations could also provide an explanation.
The main limitation of the current study was use of the ApneaLink rather than polysomnography to assess SDB. However, portable respiratory devices are much more practical in the acute stroke hospitalization setting, 12 and the ApneaLink has been well validated against polysomnography (see appendix e-1). 7 Although we were not able to adjust for age and sex because of the small numbers, their association specifically with hypoglossal nerve conduction is not established. Furthermore, we did not collect data on an age-, sex-, and comorbidity-matched control group without SDB or stroke. Therefore, we are unable to test directly whether the high prevalence of hypoglossal dysfunction or association between AHI and hypoglossal dysfunction is specific to stroke. Because the number of brainstem infarctions in our sample was small, we had limited ability to investigate differences between hypoglossal nerve function by infarction location. However, our data suggested no difference in prevalence of abnormal hypoglossal nerve conduction when the brainstem was involved.
The current study demonstrated that ischemic stroke patients have a high prevalence of hypoglossal nerve dysfunction. Longitudinal tests of hypoglossal nerve conduction poststroke and studies that include polysomnography may be needed to determine whether hypoglossal nerve conduction studies could be a useful tool to study the pathophysiology of SDB evolution in stroke patients, and to explore further the reasons for a high prevalence of hypoglossal neuropathy in stroke patients.
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